Computer

I T S Y S T E M S P E R S P E C T I V E
N ot long ago, a TV ad for United Parcel Service illustrated the consequences of not thinking holistically. In some generic dot-com boardroom, a few twenty-somethings are crouched around the company's lead programmer, who is putting the finishing touches to their Web site. They alternate expressions of exhaustion and anticipation as the programmer hits the Return key with a flourish and announces they are now live.
A few seconds go by and there are no customer hits. The counter on the screen shows zero, and worry darkens their faces. Then, with a single click, their faces light up. After a second click, a celebratory cheer fills the room. More clicks, and much backslapping, follow.
Within a few more seconds, the counter zooms past 64,000, and the collective exultation is replaced by utter alarm as the employees realize that they have built the system only to take customer orders, and now have no idea how they are going to ship so many. Of course, the ad ends with UPS saving the day but in reality, neglecting the backend-order fulfillment process led to the undoing of many dot-coms.
SYSTEMS THINKING
Decades ago, Frederick P. Brooks coined what came to be a Murphy's law for computing: "Adding manpower to a late software project makes it later." Such a seemingly counterintuitive outcome is predictable from a systems thinking perspective, which considers not only the system components-existing and new individualsbut also their interaction. Bringing newcomers up to speed in the late stages of a project reduces the productivity of those who are already onboard, resulting in lower aggregate productivity and further delay.
Technological systems-such as the Web site created in the UPS ad-do not exist in a vacuum, but are an integral part of an organizational setting. With information systems now permeating almost every aspect of our environment, systems thinking has never been more relevant to engineers and managers.
Information systems essentially store, process, and distribute organizational information. As the capacity to accomplish these tasks has grown by leaps and bounds, organizations have become increasingly coupled. The information systems that developers are designing and implementing today are not only more complex, they also generate more complex interactions within organizational units. Unfortunately, many engineers only come to understand the need for a holistic approach to managing information technology through experience.
Feedback loops
The central tenet of systems thinking is that structure causes behavior. A fundamental structural building block is the feedback loop, which consists of information as well as physical flows. Because systems support and change information flows, it helps to think in systemic terms when designing and implementing information systems.
Properly defining the system's boundaries is critical because organizations have structure, people, and processes as well as information flows.
Causal loop diagrams, which consist of variables connected by causal links with negative or positive polarity, can qualitatively represent interactions among informational and organizational characteristics. Figure 1 shows a simplified feedback loop for customer churn at an online service provider. At first glance, it appears that reducing prices will draw more new customers and increase the customer base. However, the loop structure reveals a counteracting effectincreasing the customer base decreases the network performance, causing some existing customers to leave. Thus, the net effect of a price cut may not be what the service provider hoped for.
System dynamics
Pioneered by Jay Forrester at MIT, system dynamics offers a more rigorous approach to systems thinking that has been applied in various areas including environmental policy analysis, quality management, and change management, with notable successes.
During the early 1990s, for example, General Motors sought a response to the competitive challenge posed by large used-car dealers, to which it attributed sluggish sales of its own 
Implementation
Once the go-ahead decision has been made, the entire organization-including people, structures, and processeschanges as a result of introducing the new information system. By capturing the interaction between physical and information flows in a structural way, systems thinking can be invaluable in understanding the dynamics of this transition and planning appropriately for it.
For example, many organizations are making substantial investments in information systems to better manage their supply chains. It is well known that improved information sharing can result in better business performance. However, organizational units vary in their propensity to share information as well as in their receptiveness to change. Systems thinking can identify the organizational barriers to sharing information across the supply chain and help IT managers craft a realistic implementation plan.
Operation
Later, during the operational phase, it is usually necessary to fine-tune and modify system and process parameters in response to changing environmenfleet. However, a system-dynamicsbased analysis refuted the assumption that this was an external market condition. Rather, GM's own aggressive leasing schemes, intended to boost sales, were actually contributing to a glut of late-model used cars on the market. As a result, management discontinued short-term leases.
MANAGING IT
As information systems proliferate, and as investment in such systems increases, managing this technology has become important at the national and organizational levels. Whether using a qualitative approach or applying system dynamics, thinking holistically about the mechanics underlying behavior can help IT managers throughout the entire deployment life cycle, from design to implementation and operation.
Design
One challenge IT professionals often face early on is making the business case for a specific information system. A system dynamics approach can quantify the system's potential benefits and indicate when the business is likely to realize them. Even a qualitative exercise such as identifying causal loops forces managers to define the intended objective and consider how the proposed system could affect it.
Systems thinking thus offers managers a viable way to justify proposed IT investments. For example, the feedback loop in Figure 1 clearly illustrates how an online service provider would benefit from investing in network expansion, making a compelling case for such expenditures. Converting the causal diagram to a more formal system dynamics model might even help to quantitatively estimate improvements in customer retention.
The benefits of technology projects are often expressed in terms of transaction throughput, down time, storage capacity, and other technical measures. It is more difficult to tie an IT investment to business performance measures such as customer base, turnover, and tal conditions and organizational objectives. Because it views information systems within an operational context, systems thinking provides a mechanism to assess the impact of such changes on overall performance-validating IT investment once again.
O rganizational characteristics that can significantly impact the acceptance and deployment of information systems, such as management conservativeness, are not always precisely defined and measurable. A systems thinking approach can accommodate such "soft variables" as well as encourage thoughtful examination of how components interact within a larger whole. As information systems become more embedded within organizations, systems thinking will become an increasingly useful tool to manage this technology. I 
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